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THE DEFENSE TERRESTRIAL RRACTORPROGRAM

W. L. Kirchner and B. W. Colaton

MS ALAMOSNATIONALLABORATORY
Los Alamom, NM 87545

ABsTRAcr

The Defanae Terre-trial Reactor (DTP.)
Program haIJ aa ita goal the deaigo, constmc-
tion, and operation of ‘is compact, Inhersutly
safe, prototype 10 megawatt electric

This ata~darized d~~~nuclear reactor.
could then be deployed to provide a secure
energy supply for miaaion critical functions
at selected ❑ilitary inatallationa. This
paper outlines the background for 8electing
nuclear reactora for this application, in-
cluding military power requixamenta and an
aeaeaament of energy supply alternative; and
developments in reactor technology, both de-
sign innovation and management techniques,
that ❑ight be employed in the DTR Program to
avoid the problems besetting the commercial
reactor sector. A program plan for achieving
a fully operational prototype in five yearo
from date of prime contract award ia included.

BACKGROUND

Tt.e Loa Alamoa National Mboratory
recantly conducted a feasibility study on
compact nuclear reactorm for land-baaed
defenw ●pplications (1). The ❑otivation for
ezamining reactors for these ●pplication~ ;~an
the following~ 1) recent atudiea of military
baeee indicated that anergy ●uppliee, both
electrical ●nd mobility fuelc, neceaaary to
perform miaaion critical functions are wJl-
nerable to interruptienf ●nd 2) an evaluation
by Lee Alamon that compact reactora ●re a
rational choice in ●ddra~aing the energy vul-
nerability ia~ue, The weight put on the
first item ia indicated by r-cent Department
of Dafmae (bD) guidance on energy, ●igned
by Sacretary Weinbergart “Defenee anergy
priorities include~ 1) ●nargy supply anaur-
anco, . . .“ ●nd “Defense component~ will
program resources, in compliar.ca with thote
priorities, and strive to: 1) •iu~:.merfl:
security for k~y facilities . . .
renewed interett in the nuclutir option da-
rivee from the obvious logistical •dvant~~~a
nuclear han over other alternatives a,.d from

recent design efforts that indicate substan-
tial coat reductions, improved performance,
inherent hardenability, and increaeed safety
margina are to be gained by using compact
reactor deaigna.

MILITARY STATIONARYPOWERREQUIREMENTS

A 1978 survey of Nr Force (a potential
DTR uner) energy uee by commande revealed
that electrical energy usage ia substantial,
averaging over 10 NWe per baae. Over half
the Nr Force baaea have peak power require-
ments well in exceae of 10 MWe, and under
alert status, miaeion critical loada for
theee baaea can range from one-half to the
average peak l~ad, AlsrI, the average base-
load demand ia abo”lt one-half to two-thirds
of the peak demand. Table I Matn available
data by command !2). The 10 MWe nize for the
DTR wati chooen becauee it provides a nominel
match to power demenda, both average and mia-
●ion critical, for approximately half the
baees surveyed. Two 10 MWe unite could eup-
ply the electrical power requirement for
approximately an additional third of the
baaezi surveyed.

PRIMARYENERGYSOURCES

Most military inatallatione depend el-
moet entirely on the commercial grid for
prime electrical power. Beca~ae the dierup-
tlon of this power supply (and mobility fuel

●uppl,iem), by ~abotage, terrorist ●ctivities,
or ●xtreme weather condi.tiona, can have
severe conaequanccs for a ❑ilitary installa-
tion, the capabiJ,ity to provide ● ●ecura, on-
baae, ●nergy supply ie de~lred, In ●nalyzing
●nargy altarnativea to maet mimoion-critical
ani ●nergy indepe~dence goals, ●ucceaaive
fil!era of geographic ~vailability, contin-
UOU8 Qupply , ●vailable technology, harden-
●bility and survivanllfty, losietical re-
quirmenta, and cost ware applied to ●rrive
●t a rtc.~umeadation on acceptable levala of
emrgy mtrety (oafety, aacurity, and reli-
●bility), Tshla 11, ●dapted from Freiwald
(3), catllloga th~ primary enaray aourcea ●nd
mhowa bow ●uccaaaive ●pplication of ttw
“filtP:s” yieldu nuclear and oil 88 the
recmended secure enargy ●oulcoe.
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~nd Ba#ea (Pli$) (we) (Wtu)’

tiaakan Alr Co-ndl 3 45. s 15.2 lfI/llo 5 0-440.000
(AAc)

Ur bfenae tind2 10 10.? 1.8 5/1.0 0-240,000

Alr University, 4 43,4 10.9 14/6.2 loo, ooo-
A?adeny b-rid 325,000

Lmaimtlc# -nd 7 256.0 36.6 7315s0 0-$25,000

khmrve E.ama3 8 13.0 1.6 4/0.5 0-80,000

Systaw Commaad4 10 500.0 50.0 320/5.0 0-240,000

Traini~ ~nd 14 201.0 14.4 34/5.0 0-150,000

Uilltary tirllft 12 alto 17.6 37/10.5
Comund5

0-180,000

Strat*;ic Air 28 264.0 9.4 30/1.5
@mundb

+200,000

Tactical A{.r tiwnd 15 187.0 12.5 21/1. o
—

0-15,000

AYTotal Ul 1739,1 15.7 320/0.5 CF525,000

1) l$xcludins AACA? stations.
2) Imcludi~ DW Lino systm.
3) No dsta for Willow Orw@.
4) Vary ●pproi:-.. ~iwJroc (~ncludco AEDC),
5) No data for POP ME..
6) 1575 data.
7) 2sro ispliam mini-l thermal roquiranmtt compared topaak,

N2tu ●a aillion of British TFMmal unlt~.

The nuclear reactor option has numerous
advantages ●a a aecura anargy rource fo-
military haaea, particularly if the nuclear
reactor i. alao used to supply beseload elec-
trical power during no2mal oparation. Tha
principal advantage la that the reactor la
capable of ●nveral yeara opmratlon without
refueling. An additional coro can be kept (n
storage at all times to provide further ax-
tended operation without off-baae logiotica.
Comparad to oil-fired powar ●uppliea this !a
● significant logistical ●dvanta8e. Also,
the fuel supply for the reactor haa ● vary
small volume and la, therafora, vary ●aay to
protect an comparad to foaail fuel ●toroa.
When operated ●a ● baaeloed power plant tha
raactor providea improvad reliability ●a ●

aerure ●nergy source under ●lert ●tatua and
emarltecciaa. The poraonnel ●re familiar with
plane operation under ● variaty of condi-
tior,n, ●nd the plant does not need to be
otcrted from cold shutdown. Continual ra-
fueling oparationa ara ●lao ●laminated,

8CQNONICS

Tofo~rov~~:le~rr@l:;#va ●conomic parapec-
ttve non-nuclaar powa r

generation coats for a aacure power oupply on
military be8en two compariaona are pr*-
●entnd. Firet, ● simple comparison in of-
ferad. Tte real coat thmt ● nuclear plant
must be competitive with la the purchased
coat of alactricity on ● military bane plus
the coat of standby aeneratina ●quipment for
●lert ●nd emarfpncy oituatiouo (Inclufiina
capital, parsonnel, maintenance, fuel inven-
tory , ●nd pariodic operational testing
coats). The madian industrial coat of pvr-
cheaed powar in the U.S. ia about 6d/kWh ~n
variem from ● low of ●bout 2.5d/kWh n the
Pacific Northweot to ● h18h of ●bout t2.5d/
kWh in the San Dtago ●raa. The coat of t!~e
standby powmr supply (lovalised aaainst a
10 NW. baaia) ●dda mn incremental cost of
●pproximately 2d/kWh [aamumin~ 10 NWe in-
stalled capacity ●t $1000/kWe installed, one
month fuel atoreae capacity and fuel, consump-
tion per year, ● ld/kWh operational ●nd
maintenance (061N) component, ●nd a 3’3 yaar
plant llfo].

A more conventional ●conomic analyal~
coata nuclear vermua oil-firad optionrn for a
bmamload mvmtem, Aeauminm a 90% ca~city
factor, 30”year [Iant lif~time, ●nd 25X af:
ficioncy, a foma l-fired ●yotsm ●t $1000/kWe
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installed, $1/gal oil coasumed, and a 10-men
staff has a total power coat of approximately
7~/kWh, of which ~.5d/kWh is fuel coat, 2t!/
kWh ia 061M coat (0.5d operation and 1.5d
maintenance), and 0.5d/kWh id capital cost.
A nuclear myotem at $5000/kWa installed, a
20-man staff, and an annual maintenance coet
of 1% of initial capital coat reeults in a
total powar coat of approximately 5d/kWh, of
which l//Wh lb fuel cost, 2dlkWh ia OEM
cost, and 2d/kWh in capital coat. The capi-
tal recovery coat of tha 10 MWe nuclear powar
plant is very sensitive to the real cost of
monay, varying from approximately 2t/kWh for
O% coat of money (realiat.ic for defenee
financing), to 4d/kWh for 5% coat of money (a
raalistic aseumptiun), to 6.5//kwh for 10%
cost of money (specified by OMB for govern-
ment capital projacte). In cnntraot, foaell-
fired unit operational coata ●re very menmi-
tive to fuel contu, ricing approximately 14/
kWh per 25d/gal incremental coat. Hance tha
nuclear option haa the ●dvantage of lower
operational coats and protection ●gainet coet
escalation during plant lifetima at the ex-
panee of a hishei’ initial capital invamt-
ment, While economlca 1- not the overriding
factor iu ●ecura power source salaction, it
does set design goals for inmtalled nuclaar
capital and operational conto.

CURRENTREA~OR TECHNOLOGY

The concept of small or compact raactora
ia not naw; two IAEA Procaedinge on small
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Y9* Ye8 No

rem rem No
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reactora from the late 1960’a Illustrate sev-
eral deaigna (4,5), and many small fixed and
❑obile units ware built here and abroad in
the 1950’e and 1960’a (ace Table IV in Ref.
1). In principle, many of theee deaignm are
applicable for the DTR system, including
light water raactora (LWRO), liquid metal
&&:fra (LMRa), and gas cooled reactols

.

In aaaeaeing the nuclear option, the
major nuclear vendora were contacted. Ae
a reeult of theee interaction, and new
development in raactor technology here arj
abroad, several candidate daaigna for this
application were identified. These designs
offer the promise of aubatantiai improvement
ovar their larger commercial counterparts in
terms of inherant ●afaty, aaae of operation
and maintenance, compactness and harden-
ability, reducad coat (VP. ●caling dowo a
larga 1000 MWe plant), shorter construction
●chedulao due to factory fabrication and aci-
oambly, and improved reliability and avail-
ability. The operative principla la to
●chieva~ through innovative design and
management piacticea, ●n optimal deei8n
balancing Inherent safety, axiuting tech-
nology, performance, and conta.

DTR PROORAMPIAN

A DTR Program plan haa been developed
for daoi~, ●iting, conatructlon, ●afety re-
vlaw, ●nd trainin8 for ● full power
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Fig. 1. BTR selection model decision tree.

operational prototype in five years, or less,
from the date of prime contract award.
Bec=uae several designs potentially addresa
the stated requirerrenta (five year schedule,
lG MWe capacity, high level of mafety, high
availability, eaee of operation tend mainten-
ance, design amenable to hardening and sur-
vivability, and “competitive- cent), a PhASe
I, design study request for proposals (RPP)

will be issued. Selection of the conceptual
design, hence prime contractor, will be based
on a relative assessment of submitted respon-
ses u@ing a weighting nystem determined by
the uses’a requireownts (e.g.a air Force) and
stated program objectives. An illustrative
decisioc tree for making thic selection ia
shown in Fig. 1. For a reactor of th.la size,
the typical architectfengineer, nuclear ven-
dor relationship that oxiata in the commer-
r,inl a~ctor can be altered su.;h that a single
prime coutr~ct 1s awarded for Phaaes II and
III (detailed design, fabrication, construc-
tion, training, ntartup and acceptance test-
ing). ~is is illustrated in Fig. 2. A
schedule to achieve the program objectives is
ahowu iu Fig. 3. Independent ●aiety and en-
vironmental reviewa will be conducted by in-
ternal Department of Energy organizations.
Subsequent to protctype operation and test-
ing , those demign modifications that wuuld
significantly enhance plant performance or
reriuce coats will be incorporated into a
standardized final design for deployment ●t
military in~tallatione,

CONCLUSIONS

The follwing conclumjons from thin
paper are drawn;

1. Existin8 military energy oystems, espe-
cially the electrical powet supplies ●ro
Vuluarable to lntarrupticn.

2.

3.

4.

5.

6.

Military stationary power requirements
are substantial (average 8xeater than 10
MWe/baae).

For most applications the uee of a nu-
clear reactor aa a secure power supply
la technically the best option.

Compact nuclear recctors (10 MWe) have
inherent safety advantages over their
lar8er commercial counterpart (1000
MUe), are amenable to hardening and
automated operation~, and can be cost
effecttve due to factory fabrication and
assembly, reducing fiald construction
coeta and schedulee, while improving
product reliability.

The technology exists to deploy compact
reactor~ for mi;itary applications with-
in this decade (by 1990).

The nuclear option h economically
competitive with-alternate aacure energy
oyatems, especially if tho cost of
procuring standby backup equipment is
added to current utility cost-.

A program plan waa outlined with the
two?old objective of desi8ning, construc-
ting, ●nd testin8 a prototype DIR by the end
of this dacade, ●nd providin$ ● standardized
daaign for future deployment ●t sslected
military lnstallatione. The BTR Pzogram of-
fars the military ●n economically competi-
tive, ●lternate secure power supply, while
aloo providin8 ● maamure of ●ner8y independ-
ence for ●ilitary Installations.
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